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PRELIMINARY REPORT ON TWO 14-DAY BED REST STUDIES |

AND AUXILIARY AMBULATORY PERIODS

INTRODUCTION

This is a preliminary report on two 14-day bed rest units studied
durin¢ this period, together with related ambulatory tests, as a part of
a rasearch program sponsored by the National Aeronautics and Space Ad-
ministration. The two units include the feeding or 2.0 grams _and of 0.5

gram of calcium during the respective bed rest periods.

In the Third Semiannual Report of 30 September, 1364, two men
participatinc in the first unit to be discussed in this Report were included
beca.se they were the same men who had taken part in two previous
units covered in this earlier report. The full analysis of data on the other
two men in this bed rest sequenc: had not been completed at that time,

and hence this unit is reviewed here.

SUBIECTS Of THE STUDRIES

The two units covered in this report are based on the participa-~
tion of seven healthy adult males who had been screened from a large
number of applican s on the basis of medical examinations, c¢linical
blood and x-ray tests, and psychcliogical assessments. The subjects are

identified by letters as follows:




Unit in which 2.0 grams of Calcium were Provided dyring
Bed Rest and Auxiisiary Ambulatory Periods

e

Subject Age Height Weight Former Cccupation
(vears) {inches) (pounds)

A 24 69 163 Assistant to father--
a farmer and rancher

D 22 72 182 Urniversity student

| G 40 75 204 Retired Air Force

Officer

H 21 72 164 Semi-pro Basebhall
Flayer

)] 26 68 159 Teacher

K 22 70 162 Semi-skilled Laborer

L 34 71 198 Construction worker

EQURIEEN-DAY BED REST UNIT DURING WHICH

4.0 GRAMS OF CALCIUM WERE FROVIDED

Four subjects took part in the 14~day bed rest unit in which 2.0

grams of calcium were provided. Two subjects, Subjects A and D, were

included in the previous semiannual report because it was desired to

compare the results of the bed rest period of these two subjects on this

level of calcium with those of the same men who had engaged in two

previous bed rest units which were covered in this earlier report, as
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noted. A review of the data for these two subjects for this bed rest
period have teen csmuined with the data for the two subjects who joined

the investigeatior at the beginning of this period.

Blood Tests for Mutritional Status

of Subjects

The subjects were given certain blood tests initially and through~
out this unit of study in order to aid in following their general nutritional

status.

Hematological Analyses
Hematological values (hemoglobin, erythrocyte coint, and packed
cell volume} iended to fall within or close to the normal limils initially

and as the study progressed.

Blood Plasma Tests
Plasma vitamin A tended to be high initially and to increase
slightly as the study progressed. Plasma caroten2 increased markedly

in all subjects during this unit of the investigzation.

Plasma ascorbic acid was extremely low initially for all four
subjects. Orange juice has been fc. from the beginning of each unit,
with daily amcunts which provided 125 milligrams of ascorbic a<id.

With initial plasma levels which ranged from 0.1 to C.5 milligram per
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100 milliliters, the subjects increased rapidly to 1.0 milligrim and

over, and they maintained this higher level throughou:.

Plasma phosphorus was siightly below the normal limits {or his
plasma component in two subiects initially, with the other two subjects
failing within the normal limits at the beginning of the study. Waohl
and Goodhart {1) gives 3.0 to 4.0 milligrams per 100 milliliters as the
dult phosphorus level in the blood. All four subjects were within these

iimits shortly after their feeding program began.

Serum Valueg. For serum total protein values, Wohl and Good~
hart suggest a normal range for adulis of 6.0 to 8.0 grams per 100 mil~-
liliters. These same authors suggest a range of 4.0 to 5.5 grams per
100 milliliters as & normal range for serum albumin. All four of the
sublects met or approached these limits initially and throughout the

study.

Serun: calcium, with a normal range of 9.0 tv 11.0C milligrams
pe.r Y00 milliliters as suggested by Cantarow and Shepartz (2) fell

within these limits frcm t(he initial through the final tests.

Urinaty B-Compiex Vitamins
The subjects were normal throughout in urinary levels of thia-
mine, riboflavin, and N'~Methylnicotinamide, according to the Stand-~

arde of Normality suggested by Sinclair (2}.




Blood Tests for Cholesterol

The ncrmal range for serum cholesteroi of 123 to 280 milligrams
per 100 rnilliliters as suggested by Woh- and Goodhart (1) was not 2x-

ceeded nitieily or during the study by any of the four subjects.

summaryv ¢f Biochemical Tests
for Nutritional Status

The biochemical tests discussed above demonstrate the fact
tixat the four subjects were n.% 1tained in an optimurm state of nutrition
insofar as the blood and urine analyses which were made. Therefore
it is possibie to emphasize the belief that the variables of this section
of the study were calcium and phosphorus, with changes not due to

take place in other nutrients.

Consumpticn ang Excretion of Calcium

Table I gives the mean dally quantities of calcium consumed
by the four subjecxts of this unit of 1he investigation during the control

period, the bed rest period, and che post-bed rest period.

Table II contains the mean daily excretion values of calcium
for the four subjects taking part in the 14-day bedi rest and the auxil-

iary ambulatory periods when 2.0 grams of calcium were provided.
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With each subject, the calcium excretion levels increased during bad

rest and decieased following the bed rest perioa.

figure 1 illustrates the wrinary and calcinm excretion of Sub~
ject H during the last nine deys of the ambulzcory contrel peried, dur—
ing the 14-day bed rest pe’iod, and during a 15~day post-bed rest
period when this group of subjects was given @ 2.0 gram daily pro-
vision of cilcium. This figure serves as an example of the general

calcium excretion behavior of the four subjects.

Status of Calcium Balange

The four subjects of this unit of the study were in calcium
balance 2n 2.0 grams of calcium during the control period before they
went into the 14-day bed rest phase on the same calcium level. All
four subjects went into a negative calcium balance during bed rest,
but they returned to a positive calcium balance during the post-bed

rest period. See Table III.




IABLS L

Mean Daily Consumption of Calcium by Four Subjects

during the Conirol, Bed Rest, and Post~Bed Rest

Periodc wnen 2.0 grems of Calcii'm were Provided

{Calcium in grams)

Subjects ?

Control Bed Rest Post-Bed Rest !
Pericd Peiiod Period §
—
A 1.944 2.017 2.128 i
D 2.051 2.038 2.18"
G 2.096 2,034 2.071
H 2.159 2.11¢C 2.126 {
IABYLE LI
Mean Dalily Excretion of Calcium by Four Subjects
during the Control, Bed Rest, and Post-Bed Rest
Periods when 2.0 grams of Talcium were Provided
-
Subjects Control Pod Rest | Fost-Bed Rest :
Period Feriod ? Period :
< haminigy ,’
A 1.3514 7.274 2.000
{
D 1.819 2.358 ! 2 0Cs
G 1.836 2.377 ! 1.84%
H 1.977 2.115 Y.8&LT
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Figure 1. Caicium Excretion by Subject G when 2.0 grams of Calcium
were Provided throughout: Urinary {*} cnd Urinary plus Fecal (**),
with Periods in Terms of Average milligrams per Three Days except
Period 8, which Revresents a Two-day Average, Periods 1 to 3 Cover
the Las. Nine Days of a Pre~Bed Rest Phase; Periods 4 to 8 Represent
the 14-day Bed Rest; and Periods 9 to 13 include the Two-week Post-

Bed Rest Phase of the Overall Unit




TARLE L1

Calciuin Balance during the Tontrol, the Bed Rest, and

the Fost-Bed Rest Pericds of Four 3ubjects when

1.

7.0 grams of Calcium were rrovided Throo jhout

. ! ,
¢ Mean . Mean Deily Calcium *  Mean
' Subjects ! Pericd ' alcium Excreted ' Daily
; j Consumed ! ) . Calcium
1 Daily ‘Urinary 'Fecal Total ! Balance
I (grams) i
I | z *
t A b 1,944 0.430 1.034 1.514 ; +0.43v
: ! Controi 1 ;
' D | 2.244 0.310 ©1.9509 "1.819 : +0.425 !
Pericd : ! ‘ i
G . 2,086 ! 0.244 !1.592 1.830 | +0.260
(arbulatory) : : i , } '
;. H 2.153 ¢ 0.277 :1.700:1.977 ; +0.182 l
. : : : 1
— f ; T i
A . ?2.017  1+0.460 ;1.814 2.274 | -0..57
‘ ; : . f ;
D Bed Rest . 7.028 | +0.380 .1.978 2.358 , -0.320 '
! . : } . . !
} : s i i ; ;
a1 Period i 2.084 §+0.406 11.971 ;2,377 | -0.293
| B -; | ] |
IS T . 1.910  {+0.3z5 '1.790 ;2.155 { -0.205 |
H i ! i :
b i g : |
i A | Post- 2.128 | 0.361 '1.646 12.010 ' +0.118 ;
, D Bed Rest | 2,183 0.283 |1.725 {2.008 | +0.175 |
: : | 3
. i I !
| G . [Period 2.070 7 0.342 [1.501 {1.843 ; +6.228 |
| ; ' ' | !
| H  {ambulatory)! 2.126 ! 0.232 il.sls 11.847 | +0.279 |
: i { i 1 !
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Consumnption and Excretion of Phosohorus

When the shbjeccs were provided 2.0 grams of calcium Jdeily,

a calcium:phosphorus ratio of 1 : 1.31 was maintained. This feli with-

in the sati-‘factory limits for this ratic suggested by Cantarow and

Shepartz (3).

The subjects had mean intakes of phosphorus which were close

to the level 1ntended, although their excretion levels varied with the

individuals. During the control period and the post-bed rest period,

all four subjects were in positive phosphorus balance. During the bed

rest period, twc subjects were in positive and twc were in negative

balance.

2v..2 Mass Changes quring Unit ip which

2.0 grams of Calgium were Fed Throughout

Bone mass was evaluated by the method of radiographic bone

densitometry as developed by Mack and associates (4) (5) (6).

Figures 2 through S include the bone mass data points for the
four subjects during the unit when 2.0 grams of calcium were fed

throughout. Each figure applies to one of the four subjects.

The data on bone mass in this report have been calibrated in

terms of calcium hvdroxyapatite equivalency. The reporting of bone

10



mass in such a term is not intended to denote that a bone be ‘.o reported
contains this amount of this calcium complex, but that the tctal sub-
stances in the portion of the x-ray which was evaluated tad an x-ray
absorption value equivalent to the designated quantity ot calcium hy-

droxyapatite.

The upper section of each of the figures menticned consists of
the data points and a regressicn line for the bone mass measured dur-
ing the last nine days of the control period when the subject was am-
bulatory. The middle graph gives the same data for the 14-day bed
rest period; and the iower graph alsc consists of a regression line
and the data points for the bone mass values found during 15 days

following the bed rest.

The regression lines have been calculated and pletted by the
1620 IBM Computer in the Texas Woman's University Data Processing
Center, based on a program which includes the first order computa-~
tion of ileast squares, following this formula:
Y = Ao + A1)
where
Y is the dependent variable (bone mass in this case);
X represents time;
A, ic the Y intercept; and

A) is the slope of the reqression line.

- -. e e e e - sappb A B
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yimultaneously with plotting the regression line . the data points also
were plotted by the Computer, as noted. Also the following data

were obtained from the machine in each case:

(3} the variables involved;
{(b) the range covered by the plot;
(c) the slope of the curve, which denotes the rate of change

of the factor being plotted;

(d) the standard error of estimate.

In each linear plot which has been produced, the standard error of
estimate ha: indicated that the regression line which was plotted is
2 reasonable approximation of the change which has occurred with

time in the factor involved.

In the case of the regression line in e2ach section of each
figure, a "t" test was run to test the hypothesis that the regression
coefficient was equal to a specific vailue. The result of this test

showed whether or not the line differed significantly from zero.

Table IV summarizes the data of this section of the report.
This table shows that all four subjects who received 2.0 grams of
calcium daily had negative regression lines during the bed rest

period, which varied from zero by highly significant differences




[ VO
- .
a At

13

(P £.0.C01 ir three cases and P <0.01 in one case), as shown by the

application o: the "t" test.

During the control period, all four subjects have been shown
.o be in peositive calcium balance before the bed rest period began.
Nevertheless, two subjects, Subject G and Subject H, gained slightly
in bone mass during this period, causing their regression lines to
have a slightly positive slope. The slope of the regression lines
during the control periods of Subjects A and D did not differ signifi-

cantly from zero.

The regression line for the post-bed rest period for Subject A
did not have a positive or negative slope, with the "t" test showing
that it did not differ from zero. The regression lines for the other
three subjects had slightly positive slopes, with the line varying
from zero by a difference in all cases which was significant at tha

10 per cent level.
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IABLE LV

Slope of Regression Lines for Control, Bed Rest, and Post-Bed

Rest Periods for Four Subjects when 2.0 grams

of Cailcium were Provided Throughout

l

t

Slope of Probability that the |[Per Cent Loss
Subject | Portion | Regression Slope of the in Bone ldass
of Unit Line Regression Line during
Differed from Zero Bed Rest
A Control -0.09030 Not significantly
different from zero
Bed Rest -0.006803 P <0.001 3.86
Post- -0.00281 Not significantly
Bed Rest different irom zero
D Control =-0.00061 Not significantly
different from zero
Bed Rest -0.00590 P<0.01 3.00
Fost~-
Bed Rest +0.00402 P<£0.05
G Control +0.00114 P £0.05
Bed Rest -0.01291 P <0.001 6.50
Post~
Bed Rest +0.00310 P<0.10
H Control +0.00344 r Lu.l0
ped Rest -0.01445 P <0.001 6.48
Post -
Bed Rest +0.00344 P (0.10

s'" ;hw:'r-. .
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PREEES 1

FQURTEZEN-DAY BED REST UNIT DURING WHICH
0.5 GRAM OF GALCIUM WAS PROVIDED

The second bed rest covered during this semiannual r2riod also
was 14 days in duration with 0.5 gram of calcium provi.aed ver day. This
was preceded by a control period durir.,g which 1.5 crams of calcium
were provided, with the subjects brought to a state of calcium balance
d: zing this period, while also being equilibrated with respect to the bone
288 of the central section of the os caleis. Following the bed rest a
post-bed rest period was maintained, again with 1.5 grams of calcium

provided.

Five subjects took part in this unit of the overall investigation.
They are designated as Subject G, Subject H, Subject J, Subject K, and
Subject L. The first two subjects had taken part in the previous l14-day

bed rest period when 2.0 grams of calcium were provided.

Tests for Nutritiona' Status of Subjects

As in the case of the four subjects who participated in the 14~
day bed rest unit, these subjects tended to meet or approach through-
out the normal limits fcr the hematological values, for plasma vitamin A,
for plasma carotene, fér phosphotus, for total seram protein ar-4 albumin,
tor serum calcium, and for urinary B-complex levels. Subjects J, K, and

L who had not been in the study before this unit increased in plasma

i9




vitamin A and carotene during the unit, although they were not below the

norn. 1 range initially.

Initially Subjects G and H, who had been in the previous unit of
the study, had plasma ascorbic acid leveis of 1.6 and 1.8 milligrams
per 100 milliliters, respectively. They maintained values of a similar
magnitude through this unit of the study. Subiects 1. K, and L, who
were new participants, on the other hand, had ‘rery low initial values.
Subjectj_had a value of 0.2 milligram of ascorbic acid per milliliter of
plasma when he entered the study. The initial values for Subjects K
and L were 0.5 and 0.4 milligrams per 100 milliliters, respectively.
The value for J increased to 1.5, that for Kto 1.5, and that for L to
1.6 milligrams of ascorbic acid per miliiliter of plasma shortly after the

daily crange juice began to be administered.
Blood Tests for Cholestergl

The cholestercl values initially were low for each cubject. Also,
they did not increase during this unit of the study, but remained within

ihe suggested norma! limits throughout.
Consumption ard Excrelion of Calzium

Table V gives a sumniary of the daily amounts of calcium which

were consumed by the five subjects in this unit of the study. During

20
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the control period, vach subjiect consumed an average amount of calcium

which closely anproached the 1.5 grams of calcium planned.

During the bed rest period when 0.5 gram of calcium was offered,
each subject consumed a mean quantity of this nutrient which was slicht-
ly less than this amount, On this low level of calcium, the refusal even
of a small amount of food which cortains calcium will result in a notable
difference in total intake. The major food which was refused by most
of the subjects was hread, except for Subject ] who had little appatite

and who rejected small amounts of other foods as well.

In th2 post-bed rest period, the three subjects who remained in
the study consumed on the average the desired amount of calcium,

with Subject G slightly surpassing the 1.5 grams desired.

Table VI gives the mean daily quantities of calcium excreted
both in urine and in feces in this part of the study. The data in this
table must be considered in relation to the level of calcium intake,
since the bed rest pericd when 0.5 gram of calcium was provided fell
between tha control period involving the provision of 1.5 grams and
the post-berd rest level when there was a return to this same higher

level of calcium.

The excretory losses of calcium during bed rast were consider~

able, Considering the fact that the mean intake level was slightly
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below 0.5 gram dafly, each subject lost almost twice as much as he con-

sumed.

Figure 6 shows graphically the mean excretory levels of Subject

G during the three periods of this unit of the study.

Status of Calcium Balance

Table VII shows the status of calcium balance between intake and
outgo of this nutrient during the three periods of this study. As in the
case of the previous unit, all subjects were in positive balance during
the control period, in negative balance during the bed rest phase, with
a return to a mean positive balance during the post-bed rest pericds.

The degree of negative balance was more severe than when higher levels

of calcium were fed.




TABLL V

Mean Daily Consumption of Calcium by Four Subjects during

the Control, Bed Rest, and Post-Bed Rest Periods when

0.5 gram of Calcium was Provided during Bed Rest

(Calcium in grams)

% Control Bed Rest | Post-Bed Rest 1
| Subjects Period , Period Period i
i i (1.5 grams f (0.5 gram (1.5 grams
provided) i provided) __provided)
L G i 1.53) : 0.466 1.168
H 1.489 T 0.431 | X
1 i
I 1.489 0.395 ! 1,548
K 1.509 0.431 | X
r L 1.520 0.436 | 1.524
TABLE VI
Mean Daiiy Excretion of Calcium by Four Subjects during
the Control, Bed Rest, and Post~Bed Rest Periods when
0.5 gram of Calcium was Provided during Bed Rest
Control Bed Rest Post-Bed Rest
Subjects Period Period Period
(1.5 grams (0.5 gram (}.5 grams
provided) provided) provided)
L G 1.155 0.982 1.328
H 1.2€8 1.058 X
) 1.367 0.917 1.178
K 1.260 0.938 X
, L 1.375 i 1.249 1.214
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Figure 6. Calcium Excretion by Subject G when 1.5 grams of Calcium
were Provided during the Initial Pre-Bed Rest Control and the Final Re-
conditioning Period and 0.5 gram was Provided during the Intermediate
Bed Rest Phase: Urinary (*) and Urinary plus Fecal (**), in “Yerms of
Average milligrams per Three Deays except Period 8 which Represents

. a Two-day Average. Pericus 1 to 4 Cover the Last 12 Days of a Pre-
ﬁed Rest Equilibratior Phase; Periods 5 to 9 Represent a 14-day Beu

Rest; and Pericas 10 and 11 include Six Days of a Post-Bed Rest Phase
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TABLE VII
Calcium Balance during Pre~-Bod Rest, 14-Day Bed Rest
and Post-Bed Rest of Five Subjects when 0.5 gram of

Calcium was Provided during the 3ed Rest

! Mean Mean Daily Calcium | Mean Dailyj
Subjects Period | Calcium Excreted ' Calcium
{Consumed | , - Balance
Daily : Urinary | Fecal : Total !
(grams) :
G Pre~Bed 1.531 { 0.251 ; 0.904 :1.155 . +0.376
Rest | i |
H ‘ 1.489 | 0.142 |1.126 |1.268 | +0.221
J (1.5 | 1.489 6.318 1.049 ’ 1.3&7 +0.122
grams of ; .
K Calcium | 1.509 | 0.179 | 1.081 |1.2¢0! +0.249
Provided) |
L 1.520 : 0.213 1.162 1.3735 +0.145
G 0.466 0.260 0.722 0.982 -0.516
Bed Rest
H 0.431 0.257 0.801 1.059 -0.627
J (0.5 ¢ 395 0.246 0.672 0.917 -0.522
gram of
K Calcium 0.431 0.212 0.72% 0.938 -0.507
Provided)
L 0.436 0.178 1.071 1.249 -0.813
G Post-Bed 1.618 0.332 0.996 1,328 +0.290
Rest
H - - .- - - - -
) (1.5 1.548 0.316 0.862 1,178 +0.370
grams of
K Calcium - - - m—- -
Provided)
L 1.524 G.253 0.961 1.214 +0. 310
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Consumption and Excretion of Phosphorus

During the control and the post-bed rest periods, the subjects
in this unit of the study received dietary calcium to the extent of 1.5
grams per day, as has been ncted, with a quantity of phosphorus suf~
ficient to yield a calcium:phosphorus ratio of 1 : 1.4. During the bed
rest phase, with the extremely low level of calcium, a cialcium:phos—

piicrus ratio of 1 : 2.99 was maintained.

Through )ut all three parts of this unit, all subjects were in posi-
tive pbuosphorus balance except for Subject H during bed rest, whe l.ad

only a very slight level of negative balance.

of Calcium was Frovided during 3ed i2ss

The results cf the radiographic bone densltometvric measurements
made during this unit of the study are shown: (a) by means of graphs
made of the bone mass data points throughout the unit; (bj by regression
lines made by the 1620 IRM comx;uter for representative periods of the
unit; and (c) by a Table in which the slopes of regression lines for dif~

ferent periods and sub~periods are shown.

Figures 7, 8, 9, 10, and 11 include graphs of the actual data

points for the bone mass measurements made on the five subjects in
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this study. Figures 12 and 13 show linear regressionr lines for two sub-

jects of this unit of the investigation which are representative,

Table VIII summarizes the slopes of the designated regressien

lines and related data for all five subjects.

BONE MASS CHANGES IN SUBIECT G

Subject G consumed a mean of 1.531 grams of calcium during the
coatrol period when 1.5 grams were planned, as has been noted. Dur-
ing the bed rest period, this subject ingested a mean of 0.466 gram of
this nutrient, when 0,5 gram was planned. During the post-bed rest
period, he requested extra helpings, generally of bread, and averaged

1.618 grams of calcium per day, when 1.5 grams again were planned.

The mean calcium excretion during these periods, as well as
the status of calcium balance have been summarized in Tables VI and
VII. In the latter table it is noted that this subject was in positive
balance during the control and pest-bed rest period, but in distinctly
negative balance during the bed rest phase (~0.516 gram per day on

the average).

v

The bone mass values made throughout this unit of the study on
Subject G (Figure 7) reflect these previous findings. This figure shows

relatively stable bone mass values through the control or pre-bed rest
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period. During bed rest there was an immediate sharp decline through
the first few days, followed by an intermediate period when the valves

tended to level off ., and a final second period of decrease in bona mass.

At the beginning of the post-bed rest period there was a sudden
increase in bone mass values, with the last one-half of this period ap-

proximately equivalent to tke control bone mass levels.

Figure 12 shows data pcints and linear regression lines for
three sections of the bed rest period based on Days 0 through §, 6
th.ough 10, and 11 through 14 for Subject G. The data concerning Sub-
ject G summarized in Table VIII show that, when the "t" test was ap-
plied to the data of the control period, the regression line did not differ
significantly from zero, and hence the line had neither a positive nor a
negative slope. In short, there was no statistically significant change

in bone mass during this period.

When the bed rest was considered in three sections, the period
which encompassed the last day of the control period through the fifth
day of bed rest had a distinct negative slope. Bed rest doys six through
10 a‘d not have a regression line of which the slope differed from zero,
while the last few days of the bed rest period again had a distinet nega~

tive slope (P 0.001}.
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The increase in bone mass during the first one-half of the post-
bed rest period gave the entire period a regression coefficient which

had a positive slope.

When the initial bone mass value measured just before the bed
rest began was compared with the final value, there was an overall loss

of 10.8 per cent in this factor throughout the entire bed rest period.

The marked decline in bone mass during the first few days of
bed rest for this subject, together with the equally marked increase in
bone mass after the bed rest pericd had ended, has posed a problem
as to whether this bone seclion can experience such sudden changes as
are indicated here. Several of the sukjects of this bed rest unit fol-
lowed a similar pattern. On the other hand, when bed rest units have
been conducted with 2.0 grams or 1.5 grams of calcium fed both during
the equmbr'a\tion and the bed rest periods, the reduction in bone mass
during bed rest is gradual, tending to be more or less continuous

while the bed rest phase lasts.

Marked changes in bone mass within a relatively short period
of time seem tc be a possibility if one considers a description of
mineralization of bone by Cantarow and Shepartz (3). According to
these authors, the modern concept is that blood plasma is supersatu-

rated with Ca and HPO,4 lons, and that, under the correct circumstances,




30

crystal growth may continue spontaneoucly in the unit of bone mineral,
visuaiized as a crystal complex. They state further that, since the
ground substance in which these mineral units are embedded is a direct
extension of the extracellular fluid, its ionic cong’ituents will be in-

fluenced by those of the blood plasma.

BONE MASS CHANGES IN SUBIECT d

Subject H consumed a mean of 1.489 grams of calcium during
the control period of this unit of the study, with 1.5 grams provided.
He averaged 0.431 gram of this nutrient during the 14-day bed rest
period when 0.5 gram was planned. This subject remained on'y five
duays after the bed rest ended, before taking a brief leave of absence;
during this post-bed rest period he consumed a mean of 1.5 grams of

calcium,

In Table VII it is seen that this subject was in positive calecium
balance during the control and during the post-be< rest periods. During
the bed rest phase, however, he exhibited a mean negative calcium

balance of -0.627 gram per day.

These findinos are consistent with the bone iass changes found
in this subject. Figure 8 shows the data pcints for individual bone
mass measurements. This subject, a semi~profession~' bassball

player who was cooperating with us in his off ~season. frequently took
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a brief leave of absence between units of the study to engage in some
baseball practice. Hence he was not equilibrated with respect to bone
mass at the beginning of the controi period as was Subject G. After
coming np gradually in bone mass during this period, he experienced

a relatively gradual decline during bed rest, with an advance after bed

rest during the short time he remained with this unit of the study.

The linear regression lines for the bone mass of this subject
indicated that he was making positive bone mass gains during the con-
trol period, with the regression line as demonstrated by the "t" test
kaving g slope which differed from zero by a highly significant amount
(P £0.001). During the first six bed rest measurements .ln\cluding that
made earlier in the day when bed rest began through Bed Rest Day 5,
the regression line had a slope which was significantly negative
(P 70.02). During Days six through 10, the regression line had a
slope which was not significantly different from zero. During the last
four days, however, the regression line differed from zero by a slightly

negative difference (P € 0.19), See Table VIII.

The overall total bed rest yielded a regression line with a
slope of 0.01457, which was found by th: "t" test to be significantly

different from zero by a high probability (P 7.0.001).

From the last bone mass measurement made the morning the
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bed rest nhace bhaas2n through the last day of bed rest, Subject H lost

1C.S per cent in bone mass.

BONE MASS CHANGES I SUBIECT )
Subject J consumed a mean of 1.489 gramz of calcium during
the control period, 0.39% gram during the to:al bed rect reriod, and

1.548 grams during the post bed-rect phase.

The mean calcium excretion data (Table V1) and the colcium
balance data {Table VII) show the situatic. with respect to the nega~

tive calcium balance of this subject (-0.522 grany/dav).

Figure 9 gives the hone m2ss data points for this subject
throughout the three parts of this unit of the study. During the con-
trol period he showed some gain in bone mass during the last few
days. During bed rest his bone mass measurements reflected his ex~
tremely low calcium intake, with the pattern during this period bear-
ing some similarity to that of Subject {5 except that, after the initial
fall in bore mass there continted to be a mcre gradual but consistent
decrease in bone mass. After the bed rest period the bone mass
reached even a higher level thin during the control period. it will
be ~oted frc .a the data given above that the calcium intale of this
subject was higher during the post-bed rest than during the control

period.

32
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Table VIII shows the slores of the linear regression lines for
Subject J, during the various phases of this unit. Durinc the control
period the regression line had a3 slope of 0.00568 which was positive,
with a probability significant at the 10 per cent level that the line dif-
fered from o zero slope. This is consistent with the data points shown

in Figure 9.

The total bed rest period nad a negative regressicn line (slore
-0.01323), with a “t" test which showed that the slope differed sig-
nificantly from zero (P 0.001). When the bed re:zt period was divided
into three parts for siatistical analysis, each segment had a negative
slope ¢f the regression line, shown to be significantly different from
zero. Durirg the post-bed rest period, there was no statisticaliy sig-
nificant difference between thz slope of the regression line and zero,
showing that bone mass changes during this period were neither in the

positive nor negative directicn.

Subject jJ began the bed rest period with a bone mass level of
2.140 gram-equivalence of calcium hydroxyapatite. This decreacsed
to 1.841 by the close of this period, representing a:u overall loss of
14.0 per cent. This is consistent with his extr>mely low calcium

intake during this period.
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BOr MASS CHANGES IN SUBIECT K

Subject K entered the study at the beginnirg of the control peri-
cd, and discontinued his participation after the close of the bed rest
phase. During the <ontrol phase, he consumed a mean of 1.509 grams
of calcium daily. During bed rest he averaged 0.431 ¢gram/day. This
subject had a mean negative calcium balance during bed rest of -0.507

gram per day, as shown in Table VII.

Figure 10 gives the data points for bone mass for the two sec-
tions ot this unit of study in which he took part. His bone mass level
showed little change during the control period, with a gradual but con-
sistent decrease thrcughout the bed rest phase. The overall bone mass

loss during bed 1est was 11.5 per cent.

table VIII and Figure 13 show that there was no statistically
significant difference between the regiession line of the control period
and zero, and that the regression line of the tota) bed rest period was
negative with the "t" test showing a highly significant difference be-

tween the slove of this line and zerc (? €0.001),

When the bed resi pericd was divided into three segments with
respect to time, the slope of the regressicn line was negative in all
three cases, with differences from zero which were statisticatly sig-

nificant.
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BONE MASS CHANGES IN SUBIECT L

It has beern: shown in Table V that Subject L had & mean caicium
intake of 1.520 grams during the control period, 0.436 gram during bed
rest, and 1.524 grams during the pout-bed rest phase. Table VII shows
that this subject Fad the lowest negative mean calcium balance of any

subject of the group during bed rest {(-0.813 gram/day).

Tigure 11 shows the bone mass data points for Subject L during
all three phases of this unit of the study. This graph shows little
change in this factor through the control period, but a definite de~
crease curing bed rest, and a marked increase during the post-bed rest

period,

From ‘iable VIII it is seen that the control period gave a regres-
sion line the slope of which was not <ianificantiv c:fferent from zerc.
When the bed resi ner‘od was considered as a whole, it had a negative
slope which differec significantly from zerc {P £ 0.001}). When the bed
o5t pericd was consideved in three separate sections, each section
had a definite necative slope. Duiring the post~bed rest period the slope

was positive, with the diffsrence between this and zero highly signifi-

cant (P <0.001).

During the oversll bed rest period, this subject lost 11.3 per
cent in bone mass of the rentral os calcis section which was being

evaluated.
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apatite Equivalency throuch the Pre-Bed Rest, tne Bed Rest, and

the Post~Bed Rest Periods
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SUMMBRY

This fourth semiannual report includes a discussion of two 14
day bed rest un‘ts, including collateral ambulatory pre—béd rest and
nost-bed rest periods. la the first of thiese units of the overall series
of bed rest studies sponsored by the National Aeronautics and Space
Admiristration, four subjects were fed a basic diet which provided 2.0
grams of calcium per day during the pré-bed rest, the bed rest, and the
post-bed rest periods.

Ths four subjects lost, respectively, 3.86, 3,00, 6,50, and
6.48 .er cent of bone mass during bed rest. During this period they
had a mean overall daily calcium balance of ~0.257, ~-06.320, ~0.293,
and -0.205 gram, respectively.

In the second of the 14-day bed rast studies conducted during
this semiannual period, G.5 gram of calcium was pruovided daily during
the bed rect, after the five subjects who cooperated in this unit of the
investigation had been equilibraied on a diet which provided 1.5 grams
of calcium per day. During the bed rest the fiva subjects did not con~
sume 3}l of the food offered them, rejecting chiefly some of the bread.
As a result they consumed a mean ranging from 0,395 to 0,466 gram of
calecium daily. This group was in marked negative calcium balance,
with mean daily calcium balance valucs ranging from -€¢.507 to ~0.813

gram,
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Following the hec rest, the subjects were plaéed on a post-bed
rest diet agein which provided 1.5 grams of calcium.

7irst ovder regression curves for the differen. periods of the two
units covered in this repot were calculated and plotted by a 1620 I8M

compuier, which aided in finding the {rends in bone masy changes.

In the Fifth Semiannuai Report of this series. which will ke
fiied during the last part of August, 1965, the res‘ults of two 30-day
bed rest unite including auxiliary amosulatory periods will be described
briefly. The first includes a 30-day bed rest for rive men during which
2.0 grams of calcium were provida¢ dvily. This was preceded and fol-
lowed by ambulatory periods with the same calcium level used., In
~ddition to the tests given for the 14-day bed rest units described in
this report, this unit also inclvded tests for urinary niirogen, creatine,
and creatinine.

The second of the 30-day Wed rest units to be described briefly
in the next semiannual report included 4 3J~day bed rest period during
which 1.0 gram of dietary calcium per day was provided, afier a 29~
day pre-bed rest ambulatory perind on the same calcium level. Five
meén also took part in this unit. The hed rest was followed by a 31-day
posi-bed rest period with 1.0 gram of calcium in the diet, followed
in turn by a prist-post bed rest period during which the dietary calcium
lavel wa- raised to 1.5 grams daily.

The same tasts were dore &s in the nrevious 3C-~day bed rest

unit, with the addition of cardiovazcular measurements.
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Slope of Regression Lines for Contrui, Bed Rest, and Post~Bed

. 2st Periods for Five Subjects when 0.5 gram of Calcium was

Provided during the Bed Rest, with 1.5 grams Provided

during the Contro! and the Post~Bed Rest Periods

i
iProbability that the

Per Cent Loss |

Subject Feriod of Slope of :  Slope of the in Bone Mass
the Unit Regression : Regression Line during -
Line Differed Signifi- Bed Rest
( cantly from Zero
G Control ..... 0.00511 N.S. 10.8
Bed Rest ,
0-5 days -0.05120 P<0.02
6~19 days ~0.01030 | N.S.
11-14 days | -0.03750 | 2~ 0.001
Post-Bed Rest | 0.01309 P<0.,10
H Control ..... i 0.01563 P < 0.001 10.€
Bed Rest
0-5 days ~0,03230 P~ 0,05
6-10 days 0.00714 P<0.10
11-14 days ~0.01850 P0.10
Post-Bad Rest X X *
] Control ..... 0.90568 P< 0.10 14,0 !
Bed Kest
-5 davs -0.05130 P< 0.05
6-10 days ~-0.01520 P < 0.0l
11-14 days -0.00450 P<0.01
Post~Bed Rest i 0.00165 N.S.

PESTYRNPIPRVE .

*This subject remainer] for five additional days of the post~bed rest
period with hone mass retarning to the control level :luring this
pet.od. After this he took a short leave of absence and then later
returned,




TABLE VIII. CONTINUED

[YEN
~J

Slope of Regression Lines for Control, Bed Rest, and Post-Bed

Rest Periods for Five Subjects when 0.5 gram of Calcium was

during the Control and the Post~Bed Rest Periods

Provided during the Bed Rest, with 1.5 grams Provided

1
iProbability that the : Per Cent Loss
Subject Period of Slope of Z.one of the in Bone Mass
the Unit ;Regression Regression Line during
! Line Differed Signifi- Bed Rest
cantly from Zero
K Control ..... -0.00194 N.S 11.5
3ed Rest
0-5 days -0.02091 P -0.001
6-10 davs | -0.01060 | P<0.05
| 11-14 days | =-0.03560 P<6.05
‘POSt"B.i‘,d Rest X X *
i
+
L Control ..... -0.00169 1.8 11.3
Bed Rest ;
0-5 days ; -0.03320 P<0.01
6-10 days -0.01190 P<0.10
i 11-14 days ~-0.02350 P<0.0S
% Post-Bed Rest | 0.04185 P <0.001
i

**Thiz subject left the study after the bed rest rhase of the unit.






